BACKGROUND OF TH E INVENTION
This invention relates to articles molded from flake like wood particles and, more particularly, to such arti cles having non-planar portions, such as material han dling pallets and the like.
Considerable effort has been devoted to developing techniques for molding articles including non-planar portions from inexpensive residue and surplus woods. One area o f particular interest for utilizing such woods is in the production o f material handling pallets having at least the same strength and durability and other desir able characteristics o f standard pallets constructed from lumber.
It is well known to manufacture flat or substantially flat structural boards or so-called particle board from comminuted wood by mixing the wood particles with a suitable resinous binder, such as a synthetic thermoset ting resin, forming the mixture into a multilayered mat and then compressing the mat between heated platens to set the binder and bond the wood particles together. This type process is exemplified in U.S. Pat. Nos. 3,164,511, 3,391,233 and 3,940,230.
Molding o f pallets and other articles including nonplanar portions presents problems o f little or no concern in the manufacture o f flat or substantially flat particle board. For instance, one difficulty involved in molding pallets is the necessity to pull or draw a plurality of hollow legs having acceptable crushing strengths from a substantially flat mat o f wood particles without ad versely affecting the strength o f the deck member or the legs. Consequently, the above type process for manu facturing particle board heretofore has not been em ployed to manufacture pallets or other similar articles from wood particles.
In one prior art method for molding pallets from wood particles, exemplified by U.S. Pat. Nos. 3,104,085, 3,359,929 and 3,611,952, wood fibers are made into a pulp slurry which typically also contains a resinous or other suitable binder. The slurry is introduced into a mold wherein most o f the water is removed by com pressing, application o f a vacuum or positive pressure, etc. The wet, molded pallet is transferred to a heated mold and dried under elevated pressure and tempera ture conditions to expedite removal o f water, and to cure the binder if one is included in the slurry. If a binder is not included in the slurry, the dried pallet usually is dipped into a resin containing solution for strengthening and water proofing. This prior art method involves several expensive processing steps and the pallets produced thereby do not have acceptable strength characteristics or durability for many applica tions.
In another prior art for molding pallets from wood particles, promoted in the United States under the trademark "W ERZALIT" and exemplified by U.S. Pat. Nos. 3,146,285 and 3,354,248, a mixture o f finely com minuted wood particles and a heat curable, resinous binder is introduced into a cold press to form a preform having nearly the final size and shape o f the pallet, with partial or no curing o f the binder. The preform is trans ferred to a heated press or mold wherein it is com pressed to the final size and shape at an elevated temper ature to completely cure the binder. This method is relatively expensive because o f the degree to which the starting material must be comminuted, the amount of binder required to bond the relatively small wood parti cles together, the capital investment for the different presses, and the operating costs associated with the numerous processing steps.
SUMMARY OF THE INVENTION
A principal object o f the invention is to provide an article, such as a material handling pallet, having a main body and non-planar portions displaced from the major plane o f the body, the main body and non-planar por tions being molded as a one-piece unit from low cost woods.
Another object o f the invention is to provide a pallet molded from low cost woods and having strength and handling characteristics at least comparable to standard pallets made from stick lumber.
A further object o f the invention is to provide a sim plified method for molding such pallets and other arti cles having non-planar portions from low cost wood particles.
A still further object o f the invention is to provide such a method which does not require formation o f a preform prior to molding to final dimensions and does not require finely comminuted wood particles.
Other objects, aspects and advantages o f the inven tion will become apparent to those skilled in the art upon reviewing the following detailed description, the drawings and the appended claims.
The pallet provided by the invention includes a deck member having a major plane and a plurality o f hollow leg members projecting integrally from the deck mem ber, each leg member having a bottom wall spaced from the deck member and side walls inclining outwardly from the bottom wall toward the deck member. The deck and leg members are molded as a one-piece unit from a layered mixture o f a resinous particle board binder, such as thermosetting resin, an organic polyiso cyanate, or a mixture thereof, and flake-like wood parti cles having an average length o f about 14 to about 6 inches, an average thickness o f about 0.005 to about 0.075 inch, and an average width o f about 3 inches or less and no greater than the average length. Each layer o f wood flakes forming at least the deck member lies substantially flat in a plane generally parallel to the major plane o f the deck member and are randomly oriented to each other in that plane.
The sidewalls o f the leg members can extend at an angle o f about 78° or less relative to the major plane of the deck member and can have an average thickness which is about 70 to 110%, preferably about 80-85%, of the average thickness o f the deck member.
The pallet contains about 2 to about 15 weight % of the binder, and optionally about 0.5 to about 2 weight %, based on the dry weight o f the wood flakes, o f a wax to provide water proof protection. Organic polyisocya nates, either alone and in combination with urea-for maldehyde, are the preferred binder.
In a preferred method, the wood flakes are admixed with a resinous particle board binder, the resulting mix ture. or furnish is deposited as a loosed-felted, layered press including tw o separable parts defining a mold chamber having the shape o f the pallet, the mold is closed, and pressure is applied to the mat to compress it into substantially the desired shape and size o f the pallet and to bond the wood flakes together.
In one embodiment, a mat o f substantially uniform thickness is formed outside the mold in a manner whereby the flakes in each layer lie substantially flat and are randomly oriented and this mat is placed be tween the male and female dies o f the mold.
In another embodiment, a mat is formed outside the mold as described in the previous paragraph and mounds o f furnish is added on top o f the mat at loca tions corresponding to the leg-forming cavities o f the female die.
In a further embodiment, the leg-forming cavities of the female die are first substantially filled with furnish and the mat is then placed between the male and female dies.
In a still further embodiment, the mat is formed di rectly on the female die or a remote caul which has a shape conforming with the female die and is subse quently placed over the female die. This technique and those described in the tw o preceding paragraphs are particularly advantageous for molding leg members having a length or depth up to about 5 inches or more. 
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The invention relates broadly to articles, particularly support members, including a main body having a major plane and non-planar portions displaced from that major plane, both molded as a one-piece unit from w ood flakes. The invention is particularly adaptable to material handling pallets and will be described in con nection therewith.
Illustrated in FIGS. 1 and 2 is pallet 10 including a generally flat, rectangular deck member 12 having a substantially uniform wall thickness and a flat upper surface 14 which serves as a supporting plane. Project ing downwardly from the deck member 12 is a plurality (e.g. 9) o f hollow leg members 16 adapted to serve as supporting pads for the pallet. In the specific construc tion illustrated, each o f the leg members 16 (FIG. 2 o f about 0.005 to about 0.075. In any given batch, some o f the flakes can be shorter than 1 | inch and some can be longer than 6 inches so long as the overall average length is within the above range. The same is true for the thickness.
The presence o f major quantities o f flakes having a length shorter than about 1J inch tends to cause the mat to pull apart as the leg members are being drawn there from during the molding step. This undesirable condi tion is particularly prevalent at the corner junctures of the leg members and the deck member as described in more detail below. The presence o f some fines in the mat produces a smoother surface and, thus, may be desirable for some applications so long as the majority o f the wood flakes, preferably at least 75%, is longer than 1| inch and the overall average length is at least 1 1 / 4 | inch.
Substantial While the flake size can be controlled to a large de gree during the flaking operation as described above, it usually is necessary to use some sort o f classification in order to remove undesired particles, both undersized and oversized, and thereby ensure the average length, thickness and width o f the flakes are within the desired ranges. When roundwood flaking is used, both screen 5 and air classification usually is required to adequately remove both the undersize and oversize particles, whereas fingerling flakes usually can be properly sized with only screen classification.
Flakes from some green wood can contain up to 90% moisture. The moisture content o f the mat must be substantially less for molding as discussed below. Also, wet flakes tend to stick together and complicate classifi cation and handling prior to blending. Accordingly, the flakes are preferably dried prior to classification in a conventional type drier, such as an tunnel drier, to the moisture content desired for the blending step. The moisture content to which the flakes are dried usually is in the order o f about 6 weight % or less, preferably about 2 to about 5 weight %, based on the dry weight of the flakes. If desired, the flakes can be dried to a mois ture content in the order o f 10 to 25 weight % prior to classification and then dried to the desired moisture content for blending after classification. This two-step drying may reduce the overall energy requirements for drying flakes prepared from green woods in a manner producing substantial quantities o f particles which must be removed during classification and, thus, need not be as thoroughly dried.
A known amount o f the dried, classified flakes is introduced into a conventional blender, such as a pad dle-type batch blender, wherein predetermined amounts o f a resinous particle binder, and optionally a wax and other additives, is applied to the flakes as they are tumbled or agitated in the blender. Suitable binders include those used in the manufacture o f particle board and similar pressed fibrous products and, thus, are broadly referred to herein as "resinous particle board binders." Representative examples o f suitable binders include thermosetting resins such as phenol-formalde hyde, resorcinol-formaldehyde, melamine-formalde hyde, urea-formaldehyde, urea-furfural and condensed furfuryl alcohol resins, and organic polyisocyanates, either alone or combined with urea-or melamine-for maldehyde resins. Particularly suitable polyisocyanates are those containing at least two active isocyanate groups per molecule, including diphenylmethane diiso cyanates, m-and p-phenylene diisocyanates, chlorophenylene diisocyantes, toluene di-and triisocyantes, triphenylmethene triisocyanates, diphenylether-2,4,4'-triisocyanate and polyphenylpolyisocyanates, particu larly diphenylmethane-4,4'-diisocyanate.
The particular type binder used depends primarily upon the intended use for the pallet. For instance, pal lets employing urea-formaldehyde resins have sufficient moisture durability for many uses which involve mini mal exposure to moisture, but generally cannot with stand extended outdoor exposure and reusability is quite limited. Phenol-formaldehyde and melamine-formalde hyde resins provide good moisture resistance but re quire substantially longer cure times. Polyisocyanates, even in lesser amounts, provide greater strengths and moisture resistance than the urea-or phenol-formalde hyde resins and the resultant pallets can be reused for an extended number o f cycles. Polyisocyanates cure in about the same time as urea-formaldehyde resins. How ever, polyisocyanates are more expensive and require the use o f a mold release agent because o f their ten dency to stick to metal parts. These factors are balanced against each other when selecting the specific binder to be used.
A binder system including both a urea-formaldehyde resin and a polyisocyanate, at a solids weight ratio of about 4:1 to about 1:1, is advantageous for many appli cations because, although less costly than polyisocya nate alone, it provides strength characteristics and mois ture resistance which is superior to those obtainable from either urea-or phenol-formaldehyde resins alone and the pallets are reusable.
The amount o f binder added to the flakes during the blending step depends primarily upon the specific binder used, size, moisture content and type o f the flakes, and the desired characteristics o f the pallet. Gen erally, the amount o f binder added to the flakes is about 2 to about 15 weight % , preferably about 4 to about 10 weight %, as solids based on the dry weight o f the flakes. When a polyisocyanate is used alone or in combi nation with a urea-formaldhyde resin, the amounts can be more toward the lower ends o f these ranges.
The binder can be admixed with the flakes in either dry or liquid form. To maximize coverage o f the flakes, the binder preferably is applied by spraying droplets of the binder in liquid form onto the flakes as they are being tumbled or agitated in the blender. When polyiso cyanates are used, a conventional mold release agent preferably is applied to the die or to the surfaces o f the formed mat prior to pressing. T o improve water resis tance o f the pallet, a conventional liquid wax emulsion preferably is also sprayed onto the flakes during the blending step. The amount o f wax added generally is about 0.5 to about 2 weight % , as solids based on the dry weight o f the flakes. Other additives, such as a coloring agent fire retardant, insecticide, fungicide and the like may also be added to the flakes during the blending step. The binder, wax and other additives, can be added separately in any sequence or in combined form.
The moistened mixture o f binder, wax and flakes or furnish from the blending step is formed into a looselyfelted, single or multi-layered mat which is compressed into a pallet. The moisture content o f the flakes should be controlled within certain limits so as to obtain ade quate coating by the binder during the blending step and to enhance binder curing and deformation o f the flakes during molding.
The presence o f moisture in the flakes facilitates their bending to make intimate contract with each other and to form the leg members and enhances uniform heat transfer throughout the mat during the molding step, thereby ensuring uniform curing. However, excessive amounts o f water tends to degrade some binders, partic ularly urea-formaldehyde resins, and generates steam which can cause blisters. On the other hand, if the flakes are too dry, they tend to absorb excessive amounts o f the binder, leaving an insufficient amount on the surface to obtain good bonding and the surfaces tend to cause harden which inhibits the desired chemical reaction between the binder and cellulose in the wood. This latter condition is particularly true for polyisocyanate binders.
Generally, the moisture content o f the furnish after completion o f blending, including the original moisture content o f the flakes and the moisture added during blending with the binder, wax and other additives, should be about 5 to about 25 weight %, preferably about 8 to about 12 weight %. Generally, higher mois ture contents within these ranges can be used for poly isocyanate binders because they do not produce con densation products upon reacting with cellulose in the wood.
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The furnish is formed into a generally flat, looselyfelted, mat, preferably as multiple layers, having a rect angular shape generally corresponding to the outer dimensions o f the pallet. A conventional dispensing system, similar to those disclosed in U.S. Pat. Nos. 3,391,223 and 3,824,058, can be used to form the mat. Generally, such a dispensing system includes a plate like carriage carried on an endless belt or conveyor and one or more (e.g., 3) hoppers spaced along the belt in the direction o f travel for receiving the furnish. When a multi-layered mat is formed in accordance with a pre ferred embodiment, a plurality o f hoppers usually are used with each having a dispensing or forming head extending across the width o f the carriage for succes sively depositing a separate layer o f the furnish as the carriage is moved beneath the forming heads.
In In the technique illustrated in FIG. 7 , the mat 52 is loosely felted directly onto the female die 36 by passing the female die 36 beneath the forming heads, (not 9 shown) Alternately, the mat can be deposited on a re mote caul or or pan which conforms to the female die and is subsequently placed over the female die. The additional furnish required for a deep draw is provided by the tendency for the cavities 40 o f the female die 36 or the caul to absorb extra furnish during the felting operation.
Molding temperatures, pressures and times vary widely depending upon the thickness and desired den sity o f the pallet, size and type o f wood flakes, moisture content o f the flakes, and the type o f binder used. The molding temperature used is sufficient to at least par tially cure the binder and expel water from the mat within a reasonable time period and without charring the wood. Generally, a molding temperature ranging from ambient up to about 450° F. can be used. Tempera tures above about 450° F. can cause charring o f the wood. When a binder system including a urea-formalde hyde resin and a polyisocyanate is used, a molding tem perature o f about 250° to about 375° F. is preferred while a molding temperature o f about 300° to about 425° F. is preferred for phenol-formaldehyde resin bind ers.
The molding pressure used should be sufficient to press the wood flakes into intimate contact with each other without crushing them to the point where lignin starts to exude, causing a breakdown in the fibers with a resultant degradation in structural integrity. The molding pressure on the net die area typically is about 300 to about 700 psi.
The time o f the molding or press cycle is sufficient to at least partially cure the binder to a point where the pallet has adequate structural integrity for handling. The press cycle typically is about 2 to about 10 minutes; however, shorter or longer times can be used when pressure-curing binders are employed to when more complete curing o f certain thermosetting binders is desired.
After the pallet is removed from the mold, the periph eral edges are trimmed to the desired final dimensions, e.g., 40 inches X 48 inches. The molding apparatus can include means which provides built-in trimming during pressing. A typical pallet will contain about 9 weight % resin, about 1 weight % wax and about 92 weight % wood when a theromosetting resin type binder is used. The resin content typically is about 5 weight % when a polyisocyanate resin is used and about 7 weight % when the binder is a combination o f a urea-formaldehyde resin and a polyisocyanate.
Without further elaboration, it is believed that one skilled in the art can, using the preceding description, utilize the present invention to its fullest extent. The following examples are presented to illustrate the inven tion and are not to be construed as limitations thereof. 
